Satsuma mandarins were introduced into Alabama in 1898 (Winberg, 1948a) and commercial interest developed in the following decades. By 1923, the industry expanded to 4856 ha of bearing and 2428 ha of nonbearing trees in Alabama and an additional 650 ha scattered throughout Florida, Mississippi, Louisiana, and Texas (Dozier, 1924) . There were seven packing facilities that shipped fruit to 45 cities in the United States, Canada, and England (Dozier, 1924) . Several freezes in the 1920s and 1930s injured trees along with two hurricane events that also damaged the crop (Winberg, 1948b) . The freeze of 20 Nov. 1940 killed most trees, which essentially eliminated the commercial industry (Winberg, 1948c) . There have been isolated attempts to revive the industry, but up to the late 1990s, only scattered plantings of a few hectares with fruit sold in local markets existed. In part because of memories of the earlier history, there is currently strong interest in reviving the satsuma industry.
There are several reasons that justify an effort to stimulate development of a satsuma mandarin industry in this region. The climate along the northern coast of the Gulf of Mexico allows production of high-quality fruit . Warmer regions produce fruit with acid levels that are too low for optimum flavor. Satsuma mandarins reach excellent eating quality before most other citrus are available in the marketplace. The principle cultivar grown in Alabama, 'Owari', ripens as early as late October , which is before most other citrus are available in retail chain stores. Earlier maturing cultivars are currently being evaluated, but some appear to ripen as early as mid-September, which would extend the marketing season several weeks earlier. Furthermore, satsuma mandarins can be stored for up to 8 weeks (Campbell, 2005) , and considering that marketing studies have indicated that satsuma mandarins grown in this region will compete successfully with other fresh citrus fruit in retail chain stores (Campbell et al., 2004 (Campbell et al., , 2006 , there is the potential for extending the marketing season several weeks into that of other citrus in the marketplace.
Although high-quality fruit can be grown in this region, the principle limitation for long-term production is still the threat of freezes. However, freeze protection measures that did not exist in the early 1900s, especially microsprinkler irrigation (Bourgeois and Adams, 1987; Bourgeois et al., 1990; Braud et al., 1981; Davies et al., 1987; Nesbitt et al., 2000; Parsons et al., 1991; Rieger, 1989; Rieger et al., 1985 Rieger et al., , 1986 Rieger et al., , 1988a Rieger et al., , 1988b and high tunnel plastic houses, are available today that reduce significantly the severity of freeze injury. Furthermore, more cold-hardy cultivars (Zhang et al., 2002) and the potential of genetic modification to enhance cold tolerance (Iba, 2002; Nolte et al., 1997) may reduce the risk of freeze injury. Satsuma mandarins represent a commercially viable option for this region, but the freeze risk is substantial.
ESTIMATED FREEZE RISK
The climate in the southeastern United States has undergone long-term periods that affect freeze risk. The century preceding the damaging freeze of 1835 was relatively warm as evidenced by the fact that unprotected orange trees were grown and reached full size in South Carolina and Georgia (Attaway, 1997) . Freezes that caused injury to citrus as far south as central and southern Florida occurred in 1835, 1857, 1894, 1895, 1962, 1981, 1982, 1983, 1985, and 1989 . In Alabama during the first half of the 1900s (1900 to 1948), severe freezes that injured satsumas occurred in 1924 , 1928 , 1930 , 1933 , and 1940 (Winberg, 1948b . Few recorded observations exist for injurious freeze events from 1948 to the present, so events were estimated using a mathematical approach that determined the killing temperature based on the level of acclimation by air temperature preceding a freeze and comparing the killing temperature to the minimum air temperature during freeze events . Economically damaging freezes were estimated to have occurred 1 out of 4 years for unprotected trees in the 56-year study at Fairhope, AL , which is approximately twice the historical freeze risk of citrus in central Florida (Attaway, 1997) .
FREEZE PROTECTION MEASURES
In the early 1900s, the only means of protecting trees were by banking soil around the trunk, growing trees under pine or pecan trees, and the use of smudge pots (Williams, 1911) . Banking soil preserved buds at the base of trunks, but several years were required for trees to reach full size. Pine trees and smudge pots offered protection from radiational freezes but provided little protection from advective freezes, which are the more severe freezes that occur in this region.
Microsprinkler irrigation uses sensible heat and the latent heat of fusion of water to maintain tree temperatures at or above 0°C. After early failures in development of this approach, it has gained wide popularity in commercial groves in the southeastern United States (Bourgeois and Adams, 1987 Rieger et al., 1985) . Use of microsprinkler irrigation for young trees to protect the lower trunk is similar in effect to soil banking but easier to implement once the system is established. The most significant benefit of microsprinkler irrigation is for mature trees when microsprinklers are placed within the canopy to protect the scaffold limbs. By protecting scaffold limbs, trees can be back into full production the year after a freeze . One major limitation of this approach is the need for large quantities of water. In some areas, water is limited, which has stimulated research to identify the minimum amount required to maintain tree survival (Bourgeois and Adams, 1987; Bourgeois et al., 1990; Braud et al., 1981; Nesbitt et al., 2000; Parsons et al., 1991; Rieger et al., 1985) . In Alabama, groundwater is currently not limiting in many parts of the southern counties where satsumas are grown.
The principle problem with within-tree microsprinkler irrigation is that the outer canopy can be killed . If leaves are killed but not the fruiting wood, flowers will emerge but abscise Nesbitt et al., 2002) . The outer canopy could be protected by overtree sprinkler irrigation, but this approach has been avoided in this region as a result of poor water coverage from the high winds associated with advective freezes, the freezes that cause the most severe injury. High winds are a problem for tree fruit production in various regions of the world, but wind breaks have reduced wind speeds within orchards sufficiently to allow successful commercial production. Wind breaks coupled with overtree microsprinkler irrigation may be possible as a means of protecting enough foliage to allow some production the year of the freeze. We have an experimental planting in its second leaf with pine that will provide a tall wind break and hollies growing underneath to fill in as lower pine branches senesce as the trees age. One potential limitation of overtree microsprinkler irrigation is excessive limb breakage from the weight of the ice.
SUPERIOR COLD-TOLERANT GERMPLASM
Satsuma mandarins on Poncirus trifoliata rootstock are cold-tolerant to -10°C when fully hardened, which is the most coldtolerant of the commercial Citrus species (Yelenosky, 1985) . Occasionally, trees of apparent bud sports or mutated nucellar seedlings survive freezes below -10°C. Trees that survived a -12°C freeze were selected in China (Hongwen Huang, Director of the Wuhan Institute of Botany, personal communication) and we have preliminary evidence from controlled freezer studies that they are more cold-hardy than more commonly grown cultivars (Zhang et al., 2002) . However, potted trees tend to be less cold-hardy than mature, field-grown trees, so the maximum cold-hardiness of these selections is currently not known. Nevertheless, it is likely that these selections will reduce freeze risk at least slightly in this region .
Superior cold-hardy citrus crops are currently being developed through interspecific and intergeneric crosses. Crosses that have received the most attention are those between Citrus sp. and Poncirus trifoliata, which is cold-hardy to -26°C (Spiegel- Roy and Goldschmidt, 1996) . Poncirus trifoliata, a facultative deciduous species, has been a good candidate for intergeneric crosses with Citrus sp. to enhance cold-hardiness (Tignor et al., 1998; Yelenosky et al., 1973) , however, although the presence of poncirin has made production of commercially acceptable fruit quality difficult. Another approach to developing commercial Citrus sp. with superior cold tolerance is through genetic modification. Cold-hardiness of citrus is a multigenic process (Lang et al., 2005; Zhang et al., 2005a Zhang et al., , 2005b ) that will require much research to understand so that strategies to enhance cold-hardiness can be developed.
Although freeze risk for satsuma mandarin production in the southeastern United States is substantial, a recent Monte Carlo analysis (data not published) using estimated freeze risk by Ebel et al. (2005) indicates that at current wholesale prices, the industry can be profitable. What is not clear is how longterm climate trends, especially those related to global warming, may alter freeze risk as well as fruit quality. Citrus trees represent a very long-term investment, up to several decades assuming injury by climate extremes and pests are minimized. Understanding long-term climate trends will help agricultural industries shift in an economically viable manner. However, robust long-term climate predictions that would allow agricultural scientists to advise industry leaders on strategies for shifting agriculture to adjust to climate change currently do not exist.
